Background: Preeclampsia is a complex disease in which several providers should interact continuously and in a coordinated manner to provide proper health care. However, standardizing criteria to treat patients with preeclampsia is problematical and severe flaws have been observed in the management of the disease. This paper describes a set of critical pathways (CPs) designed to provide uniform criteria for clinical decision-making at different levels of care of pregnant patients with preeclampsia or severe preeclampsia.
Background
Managing preeclampsia remains a challenge for physicians and health care services. Physicians make clinical decisions on an individual basis and combining intuition with concepts of probability, utility and the expected value of decision making. [1] Meanwhile, health care service organizations attempt to meet the health needs of patients by using human and physical resources effectively and efficiently. Approaches to treating hypertensive disorders during pregnancy, such as preeclampsia and its complications, should include both perspectives.
Preeclampsia is a complex disease. Its clinical evolution varies, and can result in a wide variety of -in many cases, unpredictable -clinical manifestations, as well as adverse health outcomes for both the mother and the foetus. The prediction and prevention of disease progression is a major challenge for physicians. Different strategies have been proposed and tested for preventing preeclampsia. These include low-dose aspirin, as well as antioxidants, zinc, magnesium, and calcium supplementation. While some studies have shown promising results [2] , large multi-centre studies are inconclusive. [3] In addition, because attempts to develop a reliable test to predict preeclampsia have not been successful, health care providers concentrate on early identification and diagnosis of disease through the assessment of risk factors and biomarkers. [4] , [5] , [6] The predominant mode for treating hypertensive disorders in pregnancy includes, depending on the stage of disease, anti-hypertensives, anticonvulsants and the interruption of pregnancy. [3] , [7] , [8] In institutional health care settings, different providers at different levels of care must interact in an ongoing and coordinated manner to provide service. Two aspects should be taken into account:
First, the team of physicians and other health care providers must consider the well-being and progress of the individual woman and her foetus.
Second, institutional settings should establish guidelines for the management of such patients to provide uniform, high quality health services, efficiently and effectively, as well as to ensure to physicians the availability of appropriate resources to manage patients.
This balance is complicated since physicians must take into account possible variations in the development and severity of preeclampsia on an individual basis, and because health care services differ in terms of their resources, criteria, and demand for services. Because suboptimal clinical management of preeclampsia can have serious consequences, a strategy to formulate and to implement clinical practice guidelines must be developed.
Previous attempts at developing a "logical stepwise management structure" for treating patients with severe pregnancy-induced hypertension have highlighted the importance of screening all pregnant women and ensuring continuity of care. [9] However, these management structures do not offer guidelines for clinical decisionmaking based on patient health outcomes. The Canadian Hypertension Society Consensus Conference developed and proposed a complete and comprehensive set of evidence-based recommendations and criteria to define [10] , manage [11] and treat [12] hypertensive disorders in pregnancy.
While such guidelines provide a general course of action and indicate procedures at different stages of a disease's evolution, they need to be operationalised through critical pathways. A critical pathway (CP) is a method for monitoring and managing the disease by providing a sequence and timing of care specific to the patient's status at any given time across a broad range of manifestations of disease severity. [13] , [14] The objective of this study was to develop a set of CPs providing uniform criteria for clinical decision-making at different levels of care of gravid patients with preeclampsia or severe preeclampsia. Another objective was to provide a tool that would allow retrospective evaluation of quality of preeclampsia care during the antenatal, intrapartum, and postpartum periods.
This endeavour was accomplished with participation of physicians and researchers from the University of Montreal and Laval University (Canada), Magee Women's Research Institute and University of Alabama at Birmingham (USA), and the Mexican Institute of Social Security (Mexico). Main objective of this group was to coordinate efforts to improve management of preeclampsia and its complications.
Methods

Theoretical Basis of Critical Pathways
Critical pathways describe the specific responsibilities of health care providers in both ambulatory and hospital settings. They also define modalities which different levels of care should be linked.
The proposed CPs include: criteria to screen for hypertension and confirm the diagnosis of preeclampsia; a sequence of steps necessary to manage and provide timely treatment at primary, secondary and tertiary health care facilities; and criteria for referral among these levels of care.
Development of the Critical Pathways
Using a modification of the technique employed by the Canadian Hypertension Society Consensus Conference to develop evidence-based recommendations and criteria, the CPs were developed using the following steps:
1. Definition of the conceptual framework for the CPs: a. Definition of the problem.
b. Definition of the levels of care (including health personnel responsible) in which the patient may (and should) receive care.
c. Review of current published evidence regarding effectiveness of treatment of preeclampsia, severe preeclampsia, and severe morbidity.
d. Estimation of expected benefits, harms, and costs.
e. Judgment of the relative value of using the CPs. A group of clinicians -including family physicians, ob/ gyns, and internists -among others, participated in the development of the CPs. Internationally-recognized researchers in the field of preeclampsia led this group. A team of health services researchers and epidemiologists constructed the conceptual framework for the CPs. The aim was to engage in an integrative approach in which physicians from different levels of care could provide their insights into the management of preeclampsia and severe preeclampsia.
Results
Conceptual framework for the critical pathways
The conceptual framework for the CPs was based on the methodology proposed by the Evidence-Based Care Resource Group [15] and adapted accordingly. Steps to follow in the CPs are depicted by using flowcharts. [16] The pathways present a comprehensive method that defines which interventions must be performed relative to the health status and level of care provided. [13] , [14] Additionally, pathways present goals for patient progress and provide the optimal sequence and timing of staff actions. [13] On the whole, it is a method of standardizing the diagnosis and treatment of this complex disease, meanwhile allowing the treating physician to respond to an individual patient's progression or complications.
The pathways to treat preeclampsia address diverse components, such as: screening, diagnosis, treatment at the different levels of care, medications, monitoring, and criteria for referral and interruption of pregnancy.
Each pathway illustrates the different processes involved. Preeclampsia is a dynamic disease that can change rapidly, thus health outcomes were considered the basis for making clinical decisions. It was assumed that the pathways should be used as a guide and contribute to set standards of care, but some flexibility should be given to individualize care for each patient. [17] The group participating in the process considered that the CPs should have three attributes: 1) Clarity: CPs should be easy to follow; 2) Specificity: the CPs should be explicit regarding the management to be provided throughout the process of care; and, 3) Flexibility: when appropriate, to permit different options to be exercised, particularly in situations of uncertainty regarding the optimal therapeutic decision.
Each pathway was tailored according to the level of severity of preeclampsia. The resources needed to provide appropriate care were defined. The same criteria should be useful in identifying critical points to be addressed in evaluation of quality maternal care.
Definition of the problem
In Mexico approximately 30 percent of pregnant women receive substandard prenatal care. [18] The impact of providing poor health care ranges from worsening of the patient's clinical condition, [19] to high levels of maternal mortality. [20] In Mexico, the following shortcomings have been identified in the care of women with preeclampsia:
• Inaccuracy in screening and diagnostic procedures that can lead to misclassification of patients, (i.e. inaccurate diagnosis of the presence/absence of hypertension during pregnancy).
• Failures in the process of care, such as, deficiency in the information provided to the patient regarding her disease, untimely referral among the different levels of care, and inappropriate medical treatment. These process failures include delay in the provision of care when the patient is referred from the family medicine clinic, as well as, inaccurate diagnosis or inappropriate treatment during hospitalisation, including the period of labour or delivery. These flaws could worsen patient prognosis and accelerate further complications.
• Delay on the part of the patient in seeking prenatal care (only 30 percent of pregnant women consult for prenatal care in the first trimester), lack of compliance to medical recommendations, and irregular attendance at routine prenatal care visits.
Definition of the level of care
The CPs were developed in accordance with the different levels of care in which a pregnant woman is seen within the health system of the Mexican Institute of Social Security (IMSS). The IMSS is a three-tiered health care system with an institutionalised referral system. At the primary care level, family physicians and trained nurses provide prenatal care and are responsible for screening, diagnosing and, when needed, referring women with preeclampsia to the next level of care. The secondary care level provides intrapartum and postpartum care to preeclamptic patients referred by the primary care physicians. The majority of referred patients are managed at the secondary level. All deliveries take place in the hospital. According to guidelines, women with severe preeclampsia or secondary severe morbidity receive treatment at tertiary care level hospitals.
Review of current published evidence
A panel of experts that was comprised of IMSS medical staff reviewed the literature published during the period 1992-2002. The information sources were PubMed, MEDLINE and the Cochrane Database of Systematic Reviews. IMSS' standards for the provision of health care services for pregnant women [21] , were considered and the recommendations and criteria of the Canadian Hypertension Society Consensus Conference were also taken into account. [10] , [11] , [12] Estimation of expected benefits, harm and costs The expected benefits, as well as harms, were considered according to the different stages of illness and the processes of care of the patient with preeclampsia. The Maternal Mortality Committees of each of the IMSS hospitals have identified serious flaws in the treatment of preeclampsia patients, resulting in severe morbidity and mortality. Given the organization of IMSS constituent services, preeclampsia should most often be identified at primary care (ambulatory) facilities, while treatment should be provided at secondary and tertiary (hospital) levels. One of the most relevant potential benefits of the CPs is the early identification of preeclampsia. Early detection according to standard criteria, will allow timely treatment and management of this disease and facilitate coordination among the levels of care. A primary goal is the reduction in the number of patients who progress to more severe forms of morbidity and death, reducing the burden of maternal morbidity and mortality. From the health services perspective, another benefit is to define reliable criteria for the evaluation of the quality of care provided at the different stages of the disease and types of facilities.
Harm due to the application the CPs can be considered minimal, however, as with any dynamic set of guidelines, human error is a possibility. While the CPs allows individual variation in disease progress, the physician must take into account the specific recommendations found in the CPs. Otherwise, the patient might be incorrectly diagnosed, treated or referred. In addition, if the CPs are not applied as intended, as an adaptable procedure on an individual basis, they may lead to the "depersonalisation" of care. Another potential negative impact relates to the physicians' perception of the CP. If they perceive the CP negatively, or view it as an auditing tool, its consistent application may be adversely affected. Therefore, the CP's acceptability is an important issue to assure adoption by physicians. Factors that favourably contribute to provider acceptability are: active participation or involvement implementation, adaptation and constant revision of the CPs; integration of the CPs in activities related to continuous medical education; and relevance to the local context, such that the CPs and the type of population that seen in the clinical setting coincide. [22] [23] [24] Costs must be considered from different perspectives, which include both societal and health services costs. The costs of treatment for preeclampsia and eclampsia within IMSS is difficult to estimate, as all enrolees share the cost because of the institution's principle of solidarity. Available information provides only unit costs. There is very limited data regarding the cost of illness, the years of life lost, or the disability adjusted years of life lost due to preeclampsia, or its complications, including maternal or neonatal deaths. It is safe to assume that the reduction of serious maternal morbidity or mortality by early diagnosis and effective treatments has a high benefits to cost ratio at the societal level.
Judgment of the relative value
In this initial phase of assessment, is difficult to define the trade-offs that are involved. While evidence-based criteria from published literature contributed to their development, the overall effectiveness of the CPs needs to be evaluated through clinical and field trials. Such testing would address the question regarding the relative value of implementing CPs in institutional health care settings. An added value of the CPs is that they could be used as tools to identify problems in the process of care by comparing actual clinical practices with CP guidelines. Additionally, the preeclampsia CP could be adapted to any similar integrated program providing primary, secondary and tertiary levels of care to pregnant women.
Definition of the users of critical pathways
The CPs are designed to be used in health care institutions: primary care physicians (either family physicians or general practitioners), and maternal and child health nurses in ambulatory settings; ob/gyns and intensive care physicians in secondary and tertiary care levels. The CPs are designed such that the providers at the next level of care can continue where the previous provider left off.
Development of the critical pathways
The CP was developed as a comprehensive method of planning, delivering, and monitoring care for patients with preeclampsia and severe preeclampsia. The flowcharts streamline and define delivery of services at the three levels of care.
The CPs illustrate, in a straightforward manner, the following processes of care:
Screening for preeclampsia, risk assessment and classification according to the level of risk.
2. Clinical data that should be taken into account at the first prenatal visit.
Confirmation of preeclampsia, based on two criteria: hypertension and proteinuria.
4. Management of preeclampsia at primary care clinics.
Evaluation of preeclampsia at secondary care hospitals.
6. Management of preeclampsia at secondary care hospitals.
7.
Management of preeclampsia at tertiary care hospitals. Tables 1 and 2 ) Screening for preeclampsia, risk assessment and classification according to the level of risk begins at the first prenatal visit that takes place after 20 weeks of gestation. Particular emphasis is given to the identification of risk factors for developing preeclampsia, and to the screening processes. [25] [26] [27] As clinical risk factors have a low positive predictive value, all women receiving routine prenatal care, regardless of gestational age, should be appropriately screened and assessed for preeclampsia at each prenatal visit (Table 1) . However, early identification of risk status is crucial. The committee considered that high-risk women should be closely monitored, every two weeks, beginning at the 20th week of gestation. At the first prenatal care visit, the primary care physician and/or maternal and child health nurse should:
Criteria for decision-making between conservative management and expedited delivery of patients with severe preeclampsia.
Discussion
Description of critical pathways Primary level of care (Figures and
1. Review or take the patient's clinical history; Depending on the results of the process shown in Figure  1 , the patient will either, 1) continue routine prenatal care at the primary care level, if she presents none of the signs or symptoms for preeclampsia; 2) continue in the process of care, to confirm and assess the severity of an initial diagnosis of preeclampsia; or 3) be referred to an ob/gyn for management at the secondary level of care, when highrisk status of the patient is confirmed. Confirmation of preeclampsia is based on two main criteria: hypertension (DBP > or = 90 mm Hg) and proteinuria. The definition of hypertension proposed by the Canadian Hypertension Society Consensus Conference [10] , as well as the definition used by the IMSS group, were taken into account. The clinical signs and symptoms specified on Table 1 should be taken into account to diagnose and classify the severity of preeclampsia.
If the patient has or develops hypertension, the treating physician should follow the steps shown in Figure 2 to confirm the diagnosis of preeclampsia and to classify the severity of the disease. The physician also needs to pay particular attention to the identification of warning signs ( Table 2 ) that would activate a referral to the next level of care. The goal of management of preeclampsia at primary care clinics [27] is to consistently monitor the clinical condition (detection of signs of alarm and blood pressure measurement) of the patient and identify, in a timely manner, the need to refer the patient to a higher level of care. Patients with a diagnosis of either preeclampsia or gestational hypertension are referred to the secondary level of care to be clinically evaluated by the obstetrical specialist.
Secondary level of care (Figures and Tables 3, 4, and 5)
Once a patient is referred, the ob/gyn must review the clinical history, perform a physical exam, and perform appropriate laboratory exams (protein excretion, complete blood test, and liver function tests). (Table 4) The evaluation of preeclampsia at secondary care hospitals uses criteria to classify the patient according to the severity of the disease, and determines the level of care where the patient should be managed. [10, 27] On the basis of these results the physician classifies the patient according to the severity of the condition. (Table  3 ) If the patient is classified as severe preeclampsia or severe morbidity, she is immediately referred to a tertiary care facility to begin treatment. Patients classified with mild preeclampsia are to be managed at the secondary level, as shown on Figure 4 , as long as the maternal and foetal conditions remain stable. The main goals of management of preeclampsia at secondary care hospitals are to monitor the patient and the foetus, to recover and/or maintain clinical stability, to identify progression of the disease to severe preeclampsia or severe morbidity in a timely manner. Medical treatment [11] , [12] ,[28] is also described for this level of care. The patient must be seen every three days in ambulatory care, and she and the foetus should be monitored to verify that the disease has not progressed. (Table 4) However, if a patient with mild preeclampsia becomes clinically unstable, she is immediately hospitalised. Management of preeclampsia at tertiary care hospitals is comprised of three components: (a) monitoring of the clinical status of the mother and the foetus, (b) medical treatment [9] , [11] , [12] , [25] , [29] and (c) laboratory tests. The goal is to stabilize the patient and identify the possible progression to severe disease. As shown on Figure 5 , once hospitalised, the patient is evaluated regularly according to the severity of her condition or her response to treatment. If the patient becomes stable, she may be discharged and be followed in an ambulatory care setting. (Return to Figure  and On the other hand, if the patient and/or foetus remain unstable, she continues in-hospital management. Delivery is performed according to institutional standards. (Table 5 ) If the disease progresses to severe preeclampsia, she is referred to a tertiary care facility for treatment.
Tertiary level of care (Figure and Table 6; Tables 3 and 7)
Patients who have been diagnosed with severe preeclampsia or severe morbidity should receive care at the tertiary level. Criteria for decision-making between conservative management [30] , [31, 32] , [33] and expedited delivery of patients with severe preeclampsia are based on the patient's clinical condition. [3] , [9] As Figure 6 shows, management must be focused on three components: 1) monitoring the clinical status of the woman and the foetus; 2) conducting laboratory tests ( (Table 7 ) until 34 weeks of pregnancy, at which time her pregnancy should be interrupted.
When the patient remains clinically unstable or progresses to severe morbidity -according to the criteria on Table 3 -treatment should be provided in the Intensive Care Unit, when available. (Table 6 )
Conclusions
The aim of the critical pathway is to streamline care while improving its quality. There are a number of publications Screening for preeclampsia during first prenatal visit after 20 weeks of gestation Figure 1 Screening for preeclampsia during first prenatal visit after 20 weeks of gestation See Table 1 No Yes
Hypertension?
See See Table 2 No Yes Refer to the ob/gyn to evaluate severity of the disease
Yes
No in the medical literature addressing the development, use, and effectiveness of CPs. [34] , [35] CPs have been proven to be cost-effective while improving the quality of care and maintaining patient satisfaction, for several diseases or conditions. [36] , [37] , [38] In developing the CPs, we respected published recommendations regarding the construction of critical pathways. These pathways provide a clear, specific, and flexible set of guidelines for managing preeclampsia and its complications. In addition, the CPs can be employed as a tool to measure performance during the process of care, by physicians who provide care for patients with preeclampsia, or by managers of health care settings. As a result, the CPs provide an optimal design for evaluating quality of care from different perspectives: patient, provider, and manager.
The pathways were constructed with the contribution of international researchers by using consensus techniques and with the participation of experts in the field. These CPs are designed to be applied in a complex health care system, such as IMSS, where medical and paramedical staff at different levels of care must interact in a continuous and coordinated manner to provide care to large numbers of pregnant women. The CPs are also useful to define and promote physicians' understanding of their role as part of an interdisciplinary team. Problems due to lack of coordination may appear in health care systems where complex diseases, such as preeclampsia are treated by several disciplines. There is a need for developing and implementing focused strategies, such as the proposed CPs, to help increase interdisciplinary coordination. Importantly, the CPs constant and successful application lies in physicians' ongoing support and endorsement, as
Steps to confirm hypertensive disorder of pregnancy and/or referral to next level of care Figure 2 Steps to confirm hypertensive disorder of pregnancy and/or referral to next level of care. well as that of other health care staff involved in patient care. [39] , [40] Another important aspect for the CPs successful implementation is its periodic updating or revision in the light of evolving clinical evidence. Emerging evidence-based criteria needs to be used to constantly update the CPs so that they remain consistent with the latest advances in the treatment of preeclampsia. [10] The processes described here were constructed for use in a three-tiered institutionalised health care system. Consequently, the CPs would have to be tested for functionality 
Treatment Treatment
Bed rest at home Anti-hypertensives (controversial) Methyldopa Nifedipine Hydralazine
Induction of pulmonary maturity using dexamethasone or betamethasone in patients with gestational age less than 34 weeks. Management of preeclampsia at secondary care level Table 4 Hospitalisation and/or refer immediately to the emergency room to identify whether the patient is progressing to severe preeclampsia Go to Figure 5 
DEFINITION OF A CLINICALLY UNSTABLE PATIENT
Patients showing irregular increase in DBP (above 95 but below 110 mm hg) and/or proteinuria, or beginning of CNS symptoms, will be considered as unstable.
DEFINITION OF A CLINICALLY STABLE PATIENT
Patients showing no irregular increase in DBP (above 95 but below 110 mm hg) and/or proteinuria, without CNS symptoms, will be considered as stable.
both in IMSS and in other health care systems and could require careful evaluation and remodelling according to each system's demands.
A significant variable affecting the potential benefits of the CPs is the role that the patient plays, given that she is the most important beneficiary. In the IMSS health care system, only 30% of patients begin prenatal care during the first trimester of pregnancy. Additionally, there is a low attendance rate for scheduled visits. This includes situations in which patients who are referred to hospital care due to complications of pregnancy, but do not present for as many as three or four weeks.
Relevance in developed and developing countries
Since preeclampsia continues to be a principal cause of maternal deaths and morbidity worldwide, the expected impact of these CPs is to contribute to improving health care quality in both developed and developing countries. For example, the CPs can be useful in developed countries where health care systems -public and private -are seeking to improve quality of care for patients with preeclampsia and still meet the institution's outcome expectations. As previously mentioned, the CPs also could serve as a process evaluation tool in such settings.
The CPs can be useful in developing countries to address and control excess morbidity and mortality due to preeclampsia and/or its complications. The maternal mortality rate in Mexico is 50.6 per 100,000 live births, within the IMSS is 36.6, and mortality due to hypertensive disorders of pregnancy is nearly 35%, well above from maternal mortality rates in Canada and the United States (3.8 and 7.1, respectively) and maternal mortality due to preeclampsia complications, which is below 2 percent. [41] Management of clinically unstable preeclampsia Figure 5 Management of clinically unstable preeclampsia See Table 4 The patient will continue conservative in-hospital management See Table 5 Send to a tertiary care facility to begin treatment Go to Figure 6 Yes Progression to severe preeclampsia No Implementing CPs would attenuate the consequences of a high volume of patients on the public health care system, allowing for timely and adequate management of preeclampsia and its complications. By implementing CPs, the health care system in developing countries can provide high quality of care with limited resources and meet its outcome expectations.
The impact of implementing CPs may be greater in developing countries where standards of care related to preeclampsia have yet to be applied. Interaction among researchers and expert clinicians from different countries has the potential to expedite technology transfer by increasing the perceived validity of the CP.
In addition, the culture surrounding preventive health care is not always favourable for providing patient education. In Mexico, many women wait until the condition worsens to a degree that it interferes with her daily activities, before consulting with health care personnel. This implies that although maternal and child health nurses provide preventive education, patients with preeclampsia arrive with more advanced cases than their North American counterparts, indicative that it is necessary to provide effective management during all stages or phases of preeclampsia. The CPs address risk assessment, early identification of complications and provide guidance not only for physicians, but also for other health providers (such as, maternal-infant health nurses, social workers, midwives) who are responsible for the management of pregnant patients, thus helping them to make timely decisions.
Closing remarks
The CPs were developed for application in routine provision of care for patients with preeclampsia. Although the CPs are based on evidence-based criteria, they need to be See Table 7 Continue hemodynamic stabilization of the mother as well as monitoring of the foetus See tested in large-scale, multi-level studies in order to thoroughly examine and evaluate their efficacy and effectiveness. Some issues that need further evaluation are: acceptance by physicians; pertinence in different health care settings; convenience as an educational tool to update physicians and health care providers; appropriateness to provide high-quality management; cost-effectiveness; and in the medium and long term, impact in decreasing morbidity and mortality due to hypertensive disorders of pregnancy.
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